
Jet Propulsion Laboratory

California Institute of Technology

This document contains export-restricted data.

DHC

A. Lopez Ortega, I. Katz, V. Chaplin, I. Mikellides

Jet Propulsion Laboratory, California Institute of Technology, Pasadena, CA

ExB Plasmas for Space and Industrial Applications Workshop, June 21 ï23 2017, Toulouse, France.

Electron transport by the EXB-driven ion acoustic instability in a 
Hall thruster based on r-z multi-fluid simulations



Jet Propulsion Laboratory

California Institute of Technology

This document contains export-restricted data.

Theoretical growth of instability in acceleration 
ǊŜƎƛƻƴ ƛǎ ƘƛƎƘŜǊ ǘƘŀƴ ǘƘŜ άƴŜŜŘŜŘέ ƎǊƻǿǘƘ
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Needed growth rate

Theoretical growth rate 
based on plasma 
parameters with ad-hoc 
profile

ÅThe anomalous collision frequency is found to have a minimum at the acceleration region. However, the theoretical growth rate
predicted by such plasma potential profile is conductive to large growth rates of the instability, which in turn should result in large 
values of the wave energy density and the anomalous collision frequency.

ÅOur efforts have been focused on eliminating the growth in the acceleration region by means of, for instance, Landau damping. All our 
efforts have been unsuccessful as even significant Landau damping cannot completely counteract the maximum growth rate. 
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Can accounting for multiple wave-lengths 
improve our self-consistent model?
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ÅFor the H6, the Debye length increases by a 
factor of 5, following ion streamlines.

ÅNeglecting Landau damping, the maximum 

growth occurs for Ὧ ρȾς‗ . Waves of 

wavelength that have maximum growth inside 
the channel may be damped as the Debye 
length increases, while other waves with lower 
k may start growing further downstream.

ÅAddition of Landau damping may change the 
wave-length of maximum growth at a given 
location.

ÅProposed algorithm: solve a discrete number of 
equations for the wave actions associated with 
multiple wavelengths. The total anomalous 
collision frequency can be obtained as the sum 
of all contributions.
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Summary of equations for discrete wave-
length model for wave action
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We also accounted in our model for anomalous heating of ions:

( ) )(
2

3

22

3
ianiiiii

ii
iii

i
i QTŮnQT

n
Tn

t

T
n +ö

÷

õ
æ
ç

å
-+=ÐÖ+ÖÐ+

µ

µ
#

u
u

( )
( ) ( )

( ) ö
ö
ö

÷

õ

æ
æ
æ

ç

å

+
-
ö
ö
ö

÷

õ

æ
æ
æ

ç

å

ö
ö
ö

÷

õ

æ
æ
æ

ç

å

ö
ö

÷

õ

æ
æ

ç

å +-Ö
-

+-Ö

+
= ä 2/122

,

2
2/1222/122

2/322

,

)(

1

1

2

1
exp

1

1

2

De

ki

ee

Deieei

ee

Deieei

De

kr

k

iek

e

i
ian

kmqTk

kmqTk

mqTk

kmqTk

k
kmqTN

n

qn
Q

l

wll

l

wp ukuk



Jet Propulsion Laboratory

California Institute of Technology

This document contains export-restricted data.

Wave action distribution along centerline based on ad-
hoc solution background plasma

5

Å First check for self-consistent model:  resistivity computed with ad-hoc solution as background for 
computing self-consistent anomalous collision frequency. Then compare ad-hoc and self-consistent 
anomalous collision frequencies.

Å Ion temperature is computed including anomalous heating. This has negligible effect of momentum 
(ὲὉḻὲὝ) but affects growth rate .ȟ

Some 
wavelengths 

exhibit 
growth inside 

channel

Growth of 
wave action in 

region of 
large electric 
fields for all 
wavelengths
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Multiple wave-length model do not produce results 
that agree with measurements
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Å First check for self-consistent model:  resistivity computed with ad-hoc solution as background for 
computing self-consistent anomalous collision frequency. Then compare ad-hoc and self-consistent 
anomalous collision frequencies.

Å Ion temperature is computed including anomalous heating. This has negligible effect of momentum 
(ὲὉḻὲὝ) but affects growth rate .ȟ
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Multiple wave-length model do not produce results 
that agree with measurements
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Å Results of the first test suggest that a fully self-consistent simulation will produce results that are very 
different to those of the ad-hoc solution. 

Due to small 
electric field, 

only two 
wavelengths 

exhibit growth

Total resistivity 
in the plasma is 
low, discharge 
current 57 A vs 
20 A of ad-hoc 

solution

Very flat plasma 
potential
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Accepting that there is going to be growth of 
the instability in the acceleration region
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Å So far, we relied on trying to decrease the growth rate of the instability in the acceleration region by 
means of a damping mechanism, such as Landau damping.

Å Cƻƭƭƻǿ ŀ ƴŜǿ ŀǇǇǊƻŀŎƘΥ ǿƘŀǘ ƛŦ ƎǊƻǿǘƘ ƻŦ ǘƘŜ ƛƴǎǘŀōƛƭƛǘȅ ǎǘƛƭƭ ƻŎŎǳǊǎΣ ōǳǘ ǘƘŜ ŜƭŜŎǘǊƻƴǎ άŘƻ ƴƻǘ ŦŜŜƭέ 
the effect of the instability?

Å One basic idea is to compare the energy associated with the ion drift with the energy of the wave 
perturbations

Å We compute an auxiliary variable ˅by means of a wave equation

Å And assume that when ˅is large, the anomalous collision frequency is not affected by the wave action
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Setting a limit to the drift velocity
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Å Simulations showed that the anomalous collision frequency can become almost zero with this model 
as a consequence of the plasma potential gradient becoming very steep.

Å To avoid this circumstance, we also included a simple model for computing the floor value of the 
anomalous collision frequency.

Å The model relies on the fact that the Mach number for electrons cannot exceed 1, as other 
instabilities characterized by shorter time-scales (i.e., two-stream instability for electrons) may occur.
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Wave action distribution along centerline 
with new model is unmodified (as expected) 
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Å First check for self-consistent model:  resistivity computed with ad-hoc solution as background for 
computing self-consistent anomalous collision frequency. Then compare ad-hoc and self-consistent 
anomalous collision frequencies.

Model with correction factor in 
anomalous collision frequency

Model with no correction factor 
in anomalous collision frequency


